Abstract-Falling Weight Deflectometer, FWD, is the most popular equipment used to measure the deflection of flexible pavement in Indonesia. The loading used during application of the FWD equipment generally correlates directly with those of the loads of standard heavy vehicles. Therefore, the resulted pavement deflections obtained from the tests should be also suitable for highways traversed by standard normal vehicles only. This may not be the case for highways in Indonesia, where most trucks are highly overloaded, so much beyond the allowable standard loads. The existing method of FWD test may not be representative anymore to measure the actual pavement deflections under highly overloaded vehicles. In this paper, the authors describe their findings about deflections of flexible pavement when the pavements were subjected by heavily overloaded vehicles. The first step is to modify the FWD equipment with larger falling distances and heavier loads to simulate the highly overloaded vehicles in Indonesia. Based on the results and by using statistical approach, a new mathematical equation can be derived to reflect the functions of actual pavement deflections under much higher loads when compared to those of standard normal load. Therefore, using this new equation one can predict the actual pavement deflection under highly overloaded vehicles, by just performing standard FWD test of standard loads on the pavement, so that the design of overlay thickness can be modified accordingly to be applicable to overloaded traffic in Indonesia.
I. INTRODUCTION
For designing thickness of flexible pavements, Bina Marga (2005) [1] has presented a guidance that one of the data used for the design is the deflection of the pavement under vehicle load. In this guidance, it is mentioned that the pavement deflections can be obtained from rebound deflections data using the Benkelmen Beam, BB, Test, or from pavement deflection measurement of the Falling Weight Deflectometer, FWD, Test. Currently in Indonesia, the Falling Weight Deflectometer, FWD, Test is still the more widely used one than the Benkelmen Beam, BB, Test. The results of pavement deflection test using the FWD Test have been accepted widely as sufficiently satisfactory (AASHTO, 1993 [2] ; Asphalt Institute, 1981 [3] ; FHWA, 2003 [4] , Huang, 2004 [5] ; Kosasih, 2003 [6] ; Shell, 1978 [7] ).
When testing the pavement deflection using the FWD equipment, usually the load used during the deflection measurement is 4.08 tons (= 40 kN = 9000 lbs.) This FWD load is to represent the load of one side of the tire load, which is half the standard axle load of 8.16 tons (= 80 kN = 18000 lbs.) ([1]; [2] ). The test results using the above load generally can be correlated with a loading under tire pressure of about 580 kPa (about 90 psi.) and in the authors opinion the pavement deflection obtained will merely represent the deflection under normal truck loading only. Therefore, when the results will be used to design thickness of pavement overlays for flexible pavements, the thickness should therefore representative for roads and highways that are traversed by vehicles with normal loadings only. Sutikno and Mochtar (1991) [8] during their study on several highway sections in East Java, Indonesia, had stated that about 48.98% of the single axle loads of truck traffic using the highways were overloaded to higher than 10.5 tons (= the threshold for maximum single axle load in Indonesia). Similar study of Prastyanto et.al. (2012, [9] ) with heavy vehicles carrying building materials on a stretch of highway between Jenu -Tuban, East Java, also showed that 100% of the heavy vehicles could be considered as overloaded, some of them are even extremely overloaded. This condition showed that the actual deflections of pavement in reality in Indonesia were much larger than those measured by means of the FWD test.
Based on the above reasoning, the authors perceived that the current FWD Test was no longer satisfactory to represent the pavement deflection and the overlay design for the mostly overloaded conditions of roads and highways in Indonesia. Heavier loads of the FWD equipment should be tried. In this study, the authors attempted to find the "true pictures" of flexible pavement deflections in field using modified FWD test apparatus, on several arterial and collector highways in East Java, with variety of loading from the below-standard load, standard load, to the excessive load that currently prevailing on Indonesian roads. The highways selected were those observed to have mostly overloaded truck traffic to use the highways. The results of this study is expected to be used to predict the actual pavement deflections under overloaded vehicles, so that the pavement design thickness for overlays can be modified accordingly. To obtain the values of pavement deflection, the pavements were given impulse loads through a steel plate with diameter 300 mm (= 30 cm), which was specific for flexible pavements. When the loads were dropped, the pavements would also be subjected to vibrational load, and the vibrations were recorded by special geophone equipment that were located at several interval locations around the pavement surface. In this study, the estimated total pavement thickness ranged between 700 -1000 mm, and the geophones were set at distances of 0 mm, 300, 600, 750, 900, 1200, and 1500 mm from the center of impact load (Danida,1990) [10] ), which can be illustrated as in Figure 1 . The loading used during the FWD Test consisted of 6 variations of loading, which were: one loading below the standard load, one loading of standard load, and 4 loadings above the standard load. Inside the Dynatest FWD Manual Version 242 [11] it was explained clearly the methods of testing and the setting of loading and heights of the hammer drops. There were 4 (four) settings of hammer drop in the FWD Manual, which were 50 mm (=h1), 100 mm (=h2), 200 mm (=h3), and 390 mm (=h4); while the loading used were 50 kg, 150 kg, 250 kg, and 350 kg. Modification was made to the equipment by adding the h4 hammer drop and the 350 kg range of loading to simulate the excessive loads.
Regional Conference in Civil Engineering (RCCE)
To obtain the target of the expected load, the height of hammer drop could be correlated from the following equation:
h (mm) = ( P max / k) 2 , in which the values of Pmax and k could be seen from Table 1 . The values of Pmax = peak load, and k is stress in kPa using 300 mm diameter plate.
In the FWD Manual, there was a special note that the values in Table 1 above were the approximate values only, because the actual loads obtained for the test were actually also depended on the flexural stiffness of the pavement. Therefore, to obtain the most representative loading for pavements, trial should be attempted on the actual pavement surface for the variety of loadings and heights of hammer drop. As explained above, in general the load used for the pavement deflection testing is 4.08 tons (40 kN) of the standard load 8.16 ton. To get the desired loading variation, the things that must be done is to change the loading and the height of the hammer drop in the FWD tool.
Beside the deflection measurements, measurement of the pavement temperatures and weather conditions were also conducted. These measurements were performed to obtain the factors of correction to apply for the deflection measurement due to the changing of temperature and weather. The activities during FWD testing can be seen in Figure 2 .
Data Analyses.
The first step in data analyses was to perform correction of the deflection values due to variation in temperature and weather. Bina Marga [1] had given the correlation, so that the corrections could be taken from the following equations:  Correction of temperature:
T L = pavement surface temperature (°C)  Correction of weather Ca = 1.2 (when test was conducted during dry season (no rain); and 0.9 (when test was conducted during wet/rainy season.
The next step was to obtain the mathematical model with 2 variables, which were the vehicle loads (as in X axis) and the pavement deflection (as in Y axis). The mathematical model was utilized to find the best statistical model to fit the test results, in which the best model was the one with the correlation factor (R 2 ) most approaching 1.0. Figure 1 it was shown that the field test of FWD would result 7 values of deflection data, which were the deflection value of r 1 to r 7 . Nevertheless, the actual deflection value to be taken into consideration was the largest deflection, which occurred under the deflection value r 1 . As mentioned previously, the loading data from FWD represented only half of the vehicle axle loading. The results of field data test using the FWD are given in Table 2 . The axle loading of vehicles (in tons) given in Table 2 were twice the amount of loading used in the FWD test. The deflection test given in Table 2 needs to be corrected with respect to the surface temperatures and the weather during the test. The amount of correction factors can be seen in Table 3 . Then, one should correct the pavement deflection data in Table 2 by multiplying them with both correction factors in Table 3 , so that the results can be presented in Table 4 , which are the corrected deflection values of the pavement under variation of loadings. The next step was then to make the mathematical regression lines that fits all the corrected data and the results are given in Figure 3 . The Y-axis represents the corrected pavement deflections and the X-axis represents the axle loadings. It is apparent that linear lines will fit the mathematical regression rather satisfactorily, since the R 2 values are greater than 0.9. This means that the above correlations of pavement deflections vs. vehicle axle loadings could be used to predict the actual flexible pavement deflections under varieties of pavement loadings for many similar highways in Indonesia
III. RESULTS AND DISCUSSIONS In
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The above regression results can be used to correlate the actual deflection values of flexible pavement under overloaded heavy vehicles by merely measuring the deflection using the standard FWD test. The actual pavement deflection under overloaded load should therefore be used in designing the pavement overlay thickness, so that stronger pavement design is obtained.
It should be noted that overloading on the collector roads will cause higher deflection values than that on the arterial roads. This is because the arterial roads in general are thicker, stronger and having higher stiffness that those of the collector roads. This also means that the impact of overloading on thinner pavement will be more pronounced than that on thicker pavement, so that overloading will cause more severe damages on thinner and weaker pavement than their impact on thicker and stronger pavement.
From the statement in the last sentence in the above paragraph, more important facts could be deducted that overloading on pavement is not merely to cause more severe damages to the thinner pavement, but it also suspected that the values of Equivalent Axle Load, EAL, for thinner and weaker pavements should be much higher than those in thicker and stronger pavement. This is contrary to the existing knowledge that the value of EAL can be represented by the same power factor, i.e. the power of 4 by Bina Marga 2005 [1], regardless the pavement condition. Field evidences showed that for weaker pavement, the power should be much higher than 4; while for stronger pavement, the power may be less than 4. However, more conclusive evidences of research to support the above finding will be given in separate paper, in future publication.
IV. CONCLUSSION Based on the analyses given previously, it can be concluded as follows: 2. The above equations could also be used to find the actual pavement deflection under much heavier axle loadings to represent the overloaded condition of roads and highways in Indonesia. The much larger values of pavement deflection should be used instead in designing pavement overlay thicknesses. 3. The mathematical formulations also showed that overloading on weaker and thinner pavement will cause more severe deflections, hence more severe damages, than overloading on thicker and stronger pavements. Therefore, it is suspected the power factor to be used in correlating the EAL values in weaker pavement should be much higher than those in stronger pavement. 
